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Abstract Numerical simulation of multi-material compressible flow problem is of great importance in both the
national defense and industry areas, such as weapon design and blast wave defense. Due to the property of large
deformation and high nonlinearity, the efficient simulation of multi-material compressible flow becomes a quite
challenging problem. A numerical scheme is developed to carry out the simulation of an immiscible multi-material
compressible flow with sharp phase interface on two dimensional and three dimensional unstructured Eulerian grids,
which can handle the large deformation of compressible fluid and elastoplastic solid under the extreme conditions.
We use the level set method to depict the phase interface numerically, and explicitly reconstruct the phase interface

in a piecewise linear manifold. The topological structure of the phase interface is constructed explicitly, which can
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handle any number of media in the whole computational domain and three media in a single cell. The traditional
finite volume method is used to calculate the edge numeircal flux between the same material in adjacent cells,
while the phase interface flux is calculated by exactly solving a one dimensional multi-material Riemann problem
on the normal direction of the phase interface. The above procedures can keep the conservation of the phase
interface flux, and the interaction between two media across the phase interface can keep consistent with the real
situation. A robust aggregation algorithm is adopted to build cell patches and adjust the conservation variables
around the phase interface, which can effectively remove the numerical instability due to the breakdown of the CFL
constraint by the cell fragments. Some classical examples and application problems, such as one-dimensional
multi-material Riemann problem, gas-bubble interaction problem, intensive airblast problem, sub-surface blast
problem, and blast wave propagation in three dimensional sap, which have a good agreement with the

corresponding analytical and experimental results, are presented to validate our numerical scheme.
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Fig.9 Computational model of gas-bubble interaction problem

K2 W GE R TE Y HE S H
Tab.2 Initial physical parameters of gas-bubble problem

Materials pkg/m®)  u(mfs) p (Pa) ¥
Helium (bubble) 0.2228 0 101325  1.648
Air(before shock) 1.2250 0 101325 1.400

Air(after shock) 1.6861 -113.534 159059  1.400
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Fig.10 Gas-bubble interaction problem. First column: 32ps, 53us, 62us, 72us, 82us, 102us, 245us, 427us, 674jis A1 983 us; Second
column: 23ps, 43ps, 53us, 66us, 75us, 102us, 260us, 445us, 674us 1 983 us.
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Fig.11 Density contours of sub-surface blast problem
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Fig.12 Pressure contours of sub-surface blast problem

3.4 EHPRBIEREIRIAE

HE—AYEJ 1kt TNT. & 200 m 5
R NE T A I R SRR R R A
JEERBERL, BUBRNE 281 85%1F N amMEIE )12
WILGRE RO, SR A EASARES 12, VIMGE
7179 101.3 kPa, A% N 1.29 kg/m’. 1 H XI5
15 x=0 F1 y=0 B A [ BE S 5 0 464, HeRi ik
Ve pUE [ Yo

TR AT 21 i 2R B 200 (1) b o e ) S (E R 13
FioRs 2425 o i A = A 1) o TR A % 3 b TR T
AR AR O SR A IE R, AR5 DL 8K 1)
NS R AR, 72 A2 SO 2 i Jm s S (P
13(a)). Fifi 5 ok 55 ) A1 4% 22 A4 NI AN T 3K
2ONGT A3 K B T BRI R R B A AT
I F52 5 e TR N S 90 Bk T 1999 58 s JF T % e
T E T A AT (B 13(b)). B o % it —
WAERE, DR ARWIE K .

Bl 14 25 7 U 1T 20 Wk T i e B A
I3 A (VAR R T AN ) il 45 R IUA A 56 A X
OIS AR oL o BEOGT LRI I,  TSRA 20 R T o
WS HE SN 2 RGBT KR ZE AT 40%.

800

600
;\‘E 400
=

200

x/m

(a) =0.33s

800

600
;\S 400
=

200

0 500 1000 1500
x/m

(b) =1.02s

X/m
(c) =1.67s

B 13 2 R MR AR i 2 s 7 5

Fig:13 Pressure contours of air blast at typical time
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Fig.15 Pressure contours and adaptive meshes of three-dimensional blast wave propagation
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